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The Water Relations of the 
Mesquite 
A.L.BAKKE 
ABBistant Professor of Botany, Iowa State College 
The Mesquite1 (Prosopis relutina Wooten) is one of the most 
outstanding shrubs or trees of the desert regions of California, 
Arizona, New Mexico, Texas and Mexico. Its rather low form-
ing b11anches covered with leaves where each leaf is made up of 
6 to 30 leaflets, makes . this tree a conspicuous outstanding 
vegetative form as compared with the grease wood and the cactus. 
The Mesquite is practically the only tree that thrives in a hot 
dry climate such as one experiences in southern Arizona and 
New Mexico. To the travelers in this region the distribution of 
this plant is of special importance, for through it he is able to 
obtain fire wood for his camp fire. The wood is hard, and when 
dry is equal to either hickory or white oak for burning purposes. 
In many places it is the only wood obtainable. 
The Mesquite finds its natural habitat in the river bottoms or 
on the flood plain areas. In such places large forests are found. 
In the flood plain areas of the Santa Cruz river, specimens have 
been found with a diameter of more than 3 feet and a height 
of 50 feet. Ordinarily the tree does not attain this size except 
where the water table is relatively high. The trees of the Santa 
Cruz river bottom have a diameter ranging from 6 to 12 inches 
and in most cases are less than thirty feet in height. However, 
as one leaves the flood plain areas the tree decreases in size at 
a rather uniform rate ; on the high plains or on the stony bluffs, 
the mesquite. 
That a tree of such size is able to accommodate itself to the 
desert areas of the United States and Mexico is suggestive. The 
general idea of a desert is a place where vegetation is absent. 
But if one would count the number of species he would find that 
they are many in number. The desert should not be regarded as 
•Coville, F. V. Botany of the Death Valley upedltion Cantr. National Her-
barium 4: 1-809, 1898. See p. 47. 
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a place destitute of animal and plant life, but considered in the 
light of evaporation, that is, where the rainfall is less than the 
evaporation. Rainfall in a desert may be so heavy at times as 
to convert the orroyos into impassable streamways. After the 
rain the stream beds are either rocky or dusty channels. The 
distribution of the rainfall is a critical factor in the determination 
of the plants present. If the rainfall practically comes at two 
seasons of the year, as is true of the Tucson, Arizona region, 
special means of preserving the water supply must be applied. 
The question of water then forms the chief criterion in the 
distribution and in the propogation of the various kinds of 
plants typical of desert regions which according to MacDougal2 
comprise two distinct types: (1) the succulent, (2) the schlero-
phyllous. The succulents are well illustrated in the Cacti, such 
as the giant cactus and the barrel cactus. In these plants 
there is a great reduction in the transpiration surface. The sap 
of such succulents is approximately 98% water; the sap also 
shows a low osmotic pressure. The root systems of such plants are 
more or less superficial, usually a few inches below the surface, 
where they are in a position to absorb practically all the water 
that comes in contact with them. Furthremore, this root system 
is more or less spreading. In a specimen of Sahuara or giant 
cactus studied by Cannon8 the laterals, numbering six, had a 
measured length that ranged between 1.5 meters and 5 meters. 
The root system of the Echinocactus is even more superficial. As 
the root system does not in any way anchor the plant the easy 
removal of the barrel cactus by washes is natural. 
The sclerophyllous type shows in all probability a little more 
individuality than the succulent. A plant belonging to this 
class is able to absorb water not only in a superficial manner but 
also at a great distance below the surface. In other words the 
roots of these plants penetrate deeply and extend out widely, and 
consequently these plants have an additional system which 
serves to bring the water at a considerable distance below. In 
contrast to the low osmotic pressure of succulents as represented 
in the first category, the schlerophylous forms according to Fit-
ting4 have a high osmotic pressure. A number of such zerophytes 
•MacDougal, D. T. The water balance of desert plants Annal of BotanJ' Z6: 
71-93, 1912. 
•cannon, W. A. Root habits of desert plants. Carnegie Inst. of Washington. 1111. 
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gave pressures of 100 atmospheres and over. The mesquite is a 
typical example of this latter class. 
Prosopis shows considerable variation as far as its root sys-
tem goes, for in many cases the main vertical roots descend to a 
prodigous depth, often to that of 40 feet. If water is closer at 
hand the tap roots may branch out. The depth of the root sys-
tem is indirectly marked out by the size of the tree; where the 
tree attains a size 40 to 50 feet, the water supply is within 40 to 50 
feet. 
According to Havard5 if the water is below flO feet the stem!! 
remain dwarf and shrubby. 
It is known that the amount of water given off by a plant in a 
twenty-four hour period is roughly equivalent to the amount 
of water absorbed for a like period. This does not necessarily 
mean that the rate of the water intake and water outgo are the 
same at all times. In order that a plant may thrive under 
climatic conditions where the evaporation rate is excessive it is 
necessary that methods of checking transpiration should be 
present. Such devices may be provided accordingly: (1) by an 
increased efficiency in the absorbing system, either by an in-
creased number of roots or by an increase in the length of the 
roots, (2) by the development of water storage tissue as in the 
giant cactus, (3) by arrangements which minimize loss by trans-
piration, either by a decrease in leaf surface, depression of 
~tomata, cutinization, or decrease in foliage surface. 
The Mesquite will join forces with the first of the above 
mentioned methods. The leaves are comparatively late in making 
their appearance in the spring. The tree blossoms. ordinarily 
during the months of May and June. During the arid fore-
summer the pods or fruit ripen. 
The Prosopis, forming its leaves in the spring and shedding 
them in the fall, differs from the Fouquieria which sheds and 
forms new foliage more or less according to the periodicity of 
the rains. Although the leaves of the mesquite have as many as 
twenty leaflets, yet the leaves are not placed lavishly as far as 
numbers go and the leaflets are more or less scattered. The 
leaflets are arranged so that they do not expose as much leaf sur-
•Fitting, R. Die Wasserversorgung und die oemotiseben Druehverhaltnisse der 
Wustpflanzen. Zeitsebr. f. Bot. 3: 209. 
•Havard, V. The Mezquit American Naturalist 78: 461-459. 1884. 
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face as a plant like the sunflower does. It is also noted that 
where the evaporating conditions are intense the leaflets drop 
off and in this way reduction in leaf area is brought about. 
There may also be a reduction in the size of the leaflets. The 
trees of this species growing upon the grounds of the University 
of Arizona where irrigation is practiced have a much more 
abundant foliage than the trees growing at the Desert Labora-
tory where they are dependent upon natural water sources. This 
point is represented very nicely in some comparative transpira-
tion studies that have been carried on by Professor Freeman 
in which he found that when peach trees and grease wood bushes 
growing side by side are given a copious supply of water, the leaf 
surfaces of the two distinct species give off approximately the 
same amount of water, when calculations are made per unit 
volume. 
Another feature of the question of transpiration that is an 
index of the internal conditions is represented in the transpiring 
power6 of a plant. Plants differ markedly as far as they offer 
a resistance to the transpiration stream loss. This power is 
measured by the time it takes to change cobalt chloride paper 
from blue to pink and by comparing the time which it takes to 
change the color of the blue paper from blue to pink when placed 
over a free water surface. It is an interesting feature that many 
plants that are normally present in arid regions do not show 
an economy of the water loss. For example, the Mexican rubber 
plant grows with a very small amount of water and shows a 
rather high transpiring power index. But in making these 
measurements one must consider the surface area just as he 
would in a direct transpiration water loss study. Thus the 
olive is a plant known to be a typical xerophyte ; its index of 
transpiring power has been found to be 0.2258 of A.triplex 
canescens James and 0.2767 of Prosopis velutina Wooten 0.6114. 
These figures then show that the olive is more than twice as 
economical with reference to its water loss, measured by the 
resistance offered, as the Mesquite. 
Although the water relations of the Mesquite as of all plants 
is more or less modified by the direct external factors at hand, 
•Livingston, B. E. The resistance offered b:r Jeane to transpirational water lou. 
Plant World 16: 1-35. 191S. 
Branch showing leaves and fruit of Mesquite. 
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still it is necessary to make the statement that the question of 
water loss by transpiration is dependent not upon one or two 
factors but upon a number of combined :forces, both external 
and internal. 
7Bakke, A. L. Studies on the tranapiring power of plant8 aa indicated by the 
method of standardized hygrometric paper. Journal of Ecology 2: 145-178. See 
pages 163-16~ 
